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© Data transmission over a time division duplex channel. 



© A method of, and system for, data transmission 
over a time division duplex channel in which at least 
one duplex voice channel constituted by a pair of 
non-adjacent time slots (or physical channels) in a 
succession of time frames is allocated for effecting a 
data transaction between a first and a second sta- 
tion, one of said pair of time slots (or physical 
channels) being normally designated for unidirec- 
tional transmission of data in a first direction be- 
tween the first and second stations and the other of 
^the pair of time slots (or physical channels) being 
^normally designated for unidirectional transmission 
^of data in a second direction, opposite to the first 
^ direction. The system comprises means for deter- 
CO mining that either of the time slots (or physical 
channels) of a duplex voice channel will not partici- 
gjpate in, or is not participating in, the transmission of 
CO useful data because - the data transfer is largely 
q asymmetric and for releasing the non-participating 
time slots (or physical channels) and making them 



ILK 



available for other unidirectional signalling, such as 
the parallel transmission of data packets in the cur- 
rent data transaction, retransmission of corrupted 



data packets, or the parallel transmission of data 
packets in another, largely asymmetric data transac- 
tion. 
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DATA TRANSMISSION OVER A TIME DIVISION DUPLEX CHANNEL 



The present invention relates to data transmis- 
sion over a time division duplex (TDD) channel, for 
example in a digital cordless telephone system 
having time division multiple access (TDMA) pro- 
tocol. 

Figures 1 and 2 of the accompanying drawings 
illustrate respectively an example of a digital cord- 
less telephone system and the channel and mes- 
sage structure. 

The digital cordless telephone system com- 
prises a plurality of primary or base stations PS of 
which four, PS 1( PS2. P53 and PS4 t are shown. 
Each of the primary stations is connected by way 
of a respective wideband landline link 10, 11, 12 
and 13, capable of carrying data at a rate of say 
1 Js2mbits/sec. to cordless telephone system con- 
trollers 14 and 15. The system controllers 14 and 
15 are, in the illustrated embodiment, connected to 
the PSTN which is constituted by an ISDN 
(Integrated Services Digital Network) link. 

The system further comprises a large plurality 
of secondary stations 55 some of which, 551 , 552, 
554 and 555, are hand portable and are used for 
digital time division duplex speech communication 
only. Others, for example 553 and 556, are data 
terminals which also are capable of duplex data 
communication. Duplex communication between 
the secondary stations within an area covered by a 
system controller and/or the PSTN is by way of 
radio through the primary stations PS. Accordingly 
the^primary and secondary stations each comprise 
a radio transmitter and receiver. 

Referring to Figure 2, the illustrated system 
has five radio channels, hereinafter referred to as 
frequency channels C1 to C5, each capable of 
carrying digitised speech or data at 1.152mbits/sec. 
The adjacent frequency channel separation is 
1. 728MHz. Each frequency channel is divided in 
the time domain into 10ms frames. Each frame is 
divided into 24 time slots (or physical channels) of 
which the first twelve F1 to F12 are allocated for 
transmission in a forward direction, that is from a 
primary station to a secondary station, and the 
second twelve R1 to R12 are allocated for trans- 
mission in the reverse direction. The forward and. 
reverse time slots are twinned, that is, the cor- 
respondingly numbered forward and reverse time 
slots, for example F4, R4. comprise a twin which 
hereinafter will be referred to as a duplex voice 
channel, in setting-up a call between a primary and 
a secondary station, a duplex voice channel is 
assigned to the transaction. The assignment of the 
duplex voice channel in any of the frequency chan- 
nels C1 to C5 is by the method of dynamic chan- 
nel allocation whereby a secondary station taking 



account of its radio environment negotiates with the 
primary station for access to the best duplex voice 
channel currently available. The system controller 
14 or 15 will effect error detection and correction to 
5 data received by any one of the primary stations to 
which it is connected. Error control of the digitised 
speech is performed by the primary stations. 

The general structure of a message is also 
shown in Figure 2. The message structure com- 
10 prises two bytes of preamble 16, two bytes of a 
synchronisation sequence 18, eight bytes of signal- 
ling data 20 and forty bytes of digitised speech or 
data 22. The digitisation rate and data rate is 
32kbits/sec. Both the primary and secondary sta- 
rs tions include a buffer to compress the 32kbits/sec. 
data to bursts of data at 1.1 52m bits/sec. so that it 
is suitable for transmission. 

The basic protocol for a transmission which is 
to be initiated by a secondary station 55 is for it to 
20 listen to all the forward physical channels in each 
of the frequency channels C1 to C5 and ascertain 
which forward physical channels are busy and idle 
and the relative signal quality in these forward 
physical channels and from the information derived 
25 the secondary station determines what it believes 
is the best duplex voice channel and transmits in 
the reverse physical channel of that duplex voice 
channel to a particular primary station PS, The 
signalling details 20 in the message together with 
30 the details 22 in the initial transmission are de- 
coded and passed to the system controller 14 or 
15 which sets-up the fixed network connection. The 
primary station confirms that the particular physical 
channel has been assigned to the transaction. 
35 ,n the forward direction, the primary stations 

send paging messages to the addressed secon- 
dary stations in say every sixteenth frame. Such an 
arrangement enables the secondary stations to 
"sleep" during at least the intervening fifteen 
40 frames thereby economising on power. An ad- 
dressed secondary station in response to a paging 
request addressed to it will, unless a duplex voice 
channel has been assigned, transmit in the reverse 
time slot (or physical channel) of the best duplex 
4s voice channel. As a general rule the system pro- 
tocol will give priority to speech over data. 

An aspect of data is that it is not unusual for a 
secondary station 553 or 556 to generate batches 
of data at rates in excess of 32kbits/sec. Also if the 
so system is to be able to utilise an ISDN fixed wired 
link then unless buffering is used, the system must 
be able to supply data at a rate of 1 44kb its/sec. 
One way of doing this would be for a system 
controller to allocate additional duplex voice chan- 
nels to the transaction so that data packets can be 
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transmitted in parallel. However whilst this would 
facilitate the throughput of data, it does involve 
dedicating two or more duplex voice channels to 
one data transaction which may be inconvenient at 
busy periods, especially if the data transaction is 
asymmetric and the "receive" time slot (or physical 
channel) is not carrying any signal or has to be 
padded to maintain overall synchronisation. The 
term "padding" is to be taken to mean the trans- 
mission of data which is not useful to the data 
transaction proper. 

It is an object of the present invention to make 
more efficient usage of physical channels when 
transmitting asymmetric messages, particularly 
data messages, over one or more duplex voice 
channels. 

According to a first aspect of the present in- 
vention there is provided a method of data trans- 
mission over a time division duplex channel in 
which at least one duplex voice channel constituted 
by a pair of non-adjacent time slots (or physical 
channels) in a succession of time frames is al- 
located for effecting a data transaction between a 
first and a second station, one of said pair of time 
slots being normally designated for unidirectional 
transmission of data in a first direction between 
said first and second stations and the other of said 
pair of time slots being normally designated for 
unidirectional transmission of data in a second di- 
rection, opposite to the first direction, wherein in 
response to it being determined that the data trans- 
mission will be or is asymmetric, then the time slot 
not being used for the transmission of useful data 
s will be released and made available for other un- 
idirectional signalling. 

The present invention is based on the real- 
isation that asymmetric data transmissions can be 
wasteful in their usage of duplex voice channels 
and that if the underused or non-used time slots in 
the or each duplex voice channel can be made 
available for other unidirectional signalling then a 
more efficient usage of the allocated duplex voice 
channels will be possible because fewer duplex 
voice channels will be needed for an asymmetric 
high data rate transaction and also the reduction in 
the number of duplex voice channels which woyld 
otherwise need to be allocated wili not have a 
corresponding effect on the time required to com- 
plete the transaction. 

The method in accordance with the present 
invention may be implemented in a number of 
ways depending on the degree of intelligence built 
into the system controllers and secondary stations. 

For example if it is known in advance or real- 
ised that a data transaction will be or is asymmetric 
then two or more duplex voice channels can be 
assigned to the data transaction for the duration of 
the transaction. All but one of the time slots (or 



physical channels) which it is known will be under- 
utilised can then be released and made available 
for other unidirectional signalling which for simplic- 
ity will be the transmission of some of the data 

s being transacted in the other time slots (or physical 
channels) of the assigned duplex voice channels. In 
other words they will have their direction of trans- 
mission or signalling reversed for the duration of 
the transaction. The remaining non-reversed time 

to slot (or physical channel) in the assigned duplex 
voice channels is used for the transmission of 
acknowledgements and perhaps also retransmis- 
sion requests. 

The reversing of the under-utilised time slots 

is (or physical channels) can be done dynamically in 
response to monitoring the duplex voice channels 
and detecting either the absence of signals or the 
presence of excessive padding and the system 
controller and/or secondary station deciding to re- 

20 verse the particular time slots (or physical chan- 
nels) 

It may arise that the ISDN link has data for 
forward transmission to a secondary station which 
is already involved in an asymmetric data transmis- 

25 sion in the reverse direction. Instead of the system 
controller and/or the secondary station taking back 
the reversed time slots (or physical channels) and 
using them for the forward transaction, the assign- 
ment of the duplex voice channels, including the 

30 — reversal of-4he time-slots (or- physical-channels), to 
the reverse transaction is maintained and additional 
duplex .voice channels with suitable reversing of 
time slots (or physical channels) are devoted to the 
new forward asymmetric data transaction. At the 

35 completion of either data transaction, the relevant 
assigned duplex voice channels are simply made 
available to other users of the system. 

According to a second aspect of the present 
invention there is provided a communications sys- 

40 tern comprising at least one primary station, a 
system controller connected to the at least one 
primary station, a data secondary station, the pri- 
mary and secondary stations each having tran- 
sceivers for time division duplex radio transmis- 

45 sions therebetween in at least one duplex voice 
channel constituted by a predetermined pair of 
non-adjacent time slots (or physical channels) in a 
succession of time frames, . the respective time 
slots being provided for unidirectional transmission 

so in opposite directions, the system controller and 
the data secondary station each having means for 
assigning at least one duplex voice channel for a 
data transaction and means for determining if the 
data transaction will be or is asymmetric and for 

55 releasing the time slot not being used for the 
transmission of useful data and making it available 
for other unidirectional signalling. 

The present invention will now be explained 
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and described, by way of example, with reference 
to the accompanying drawings, wherein: 

Figure 1 is a block schematic diagram of an 
example of a digital cordless telephone system, 

Figure 2 illustrates the channel and message 
structure used in the system shown in Figure 1 , 

Figure 3 illustrates the structure of a data 
message in which there are two data packets to a 
time slot (or physical channel), 

Figure 4 is a block schematic diagram of an 
intelligent controller which can be used in a system 
controller or a secondary station, and 

Figure 5 is a flow chart relating to an im- 
plementation of an intelligent controller. 

In the drawings the same reference numerals 
have been used to indicate corresponding features. 

Referring initially to Figure 3, the structure of 
the data message is a variation on the message 
structure shown in Figure 2. The main difference is 
that the portion 22 is composed of first and second 
data packets 24, 26. Each data packet includes for 
example a data control field. 28, a packet number- 
ing field 30. a data field 32 and a field 34 for error 
detection. For the sake of completeness the signal- 
ling data field 20 relating to the radio link control 
has also been shown as including a CRC field. The 
message portion 36 is used in the primary station- 
(s) and may be forwarded to the system controller 
14 or 15. As mentioned in the preamble, the sys- 
— tern controller 14 or 15 and the secondary stations 
receive the data packets, check each packet for 
errors and where possible corrects the errors using 
an algorithm stored in an error correction section of 
a control module in the system controller and sec- 
ondary station. However if a data packet is so 
corrupted that it cannot be corrected then the con- 
trol module sends a request for a retransmission of 
that packet or packets in the first possible forward 
or reverse time slot (or physical channel). On re- 
ceipt of a retransmission request a secondary sta- 
tion or system controller will retrieve the or each 
data packet using its packet number and retransmit 
it in the next reverse or forward time slot(s) (or 
physical channel(s)). !f it is ascertained from local 
signal quality measurements that the corruption is 
due to a poor radio link between the secondary 
station and a particular primary station, the secon- 
dary station may handover and communicate via 
another in-range primary station and/or in another" 
duplex voice channel. If the data rate of the basic 
message is greater than 32kbits/sec. then, in order 
to avoid an excessively large backlog being built 
up, the system controller and/or secondary station 
will, if possible, allocate one or more duplex voice 
channels to the transaction. However as many data 
transfers are asymmetric with say a large quantity 
of data packets going in say the reverse direction 
and only acknowledgements and possibly retrans- 



mission requests in forward direction, then there is 
either a general absence of signals in the forward 
direction or in order to maintain synchronisation 
within the TDD structure it has been customary to 
5 pad-out the time slot(s) in the acknowledgement 
direction; the data control field 28 can be used to 
indicate to the primary and secondary stations, that 
padding bits have been used. 

In accordance with the present invention, the 
w system controller or secondary station in response 
to determining in advance that a data transaction is 
asymmetric or determining that a large number of 
useful packets are being sent in one direction and 
either no signals or padded data packets are being 
rs sent in the opposite direction, thus indicating an 
asymmetric data transmission, releases the time 
slot(s) (or physical channel(s)) of the assigned du- 
plex voice channels which are then available for 
unidirectional data transfers in the opposite direc- 

20 tion. The released time slot(s) (or physical channef- 
(s)) can be reallocated for other purposes which 
will increase the overall efficiency of the system. A 
first possible option is to permit the use of the 
released time slot(s) (or physical channel(s)) for 

25 unidirectional transmission in said one direction so 
that the pair of time slots (or physical channels) of 
the or each assigned duplex voice channel ■ are 
used for transmission of data packets. Exercising, 
this option will involve the system controller or 

30 secondary station effecting the reversal of the di- 
rection of unidirectional signalling in the released 
time slot. In the case of two or more duplex voice 
channels being assigned to the transaction then the 
time slot (or physical channel) in one of the duplex 

35 voice channels will not be reversed and will be 
retained for the signalling of acknowledgements 
and retransmission requests. 

In an extension of the first option if, for exam- 
ple, the current asymmetric data transaction is in 

40 the reverse direction and the ISDN link has, or 
subsequently has, data for forward transmission to 
the same secondary station whilst the first men- 
tioned data transaction is continuing then subject to 
availability the system controller grabs one or more 

45 non-assigned duplex voice channels and sets up 
another data transaction involving time slot (or 
physical channel) reversals and so forth. Such an 
arrangement provides some flexibility in operation 
because once either one of the data transactions 

so ceases the particular duplex voice channels are 
released and immediately are available to other 
system users. 

* A second possible option is to permit the use 
of the released time slot(s) (or physical channel(s)) 

55 for the transmission of data relating to a second 
transaction to say the secondary station participat- 
ing in the original data transmission. The second 
transaction may involve the same or a different 
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primary station. 

A third possible option is to assign the released 
time slot(s) (or physicai channel(s)) to another data 
transaction which is asymmetric in the opposite 
direction and which does not involve the same 
secondary station. In order to do this the system 
controller will have to instruct the primary and 
secondary stations participating in the original 
transaction that it is releasing the time slot(s) (or 
physical channel(s)) concerned and inform the sta- 
tions involved in the other transaction that they 
have been assigned another (or other) unidirec- 
tional time siot(s) (or physical channel(s)) for their 
use. 

The range of options made available depends 
on the intelligence provided in the system control- 
ler. However an overriding factor is that the use of 
pairs of time slots (or physical channels) within a 
frame format is maintained. 

Figure 4 illustrates diagrammaticaily an intel- 
ligent controller 38 which can, for example be used 
as part of the controller 14 or 15 in Figure 1 or in 
an intelligent data secondary station. The controller 
38 comprises a control device 40 which serves 
amongst other things to control the routing of data 
within the controller. Means 42 are connected to 
the device 40 for monitoring the radio channels, for 
maintaining a record of the busy and idle duplex, 
voice channels and for possibly re-allocating the 
time slots (or physical channels) of the duplex 
voice channels. A data monitor 44 directs data 
packets to an error checking and correction stage 
46. Data packets which have been deemed correct 
-by the stage 46 are transferred to a message 
assembler 48 which builds up the message using 
the packet numbering system. Messages to be 
outputted are transferred to an output interface 50 
which may be coupled to an ISDN link. Input mes- 
sage data from an external source such, as the 
ISDN link are transferred to the message assem- 
bler 48 by the interface 50. Assembled messages 
for onward transmission are routed to the control 
device 40 using the bus 52. 

Acknowledgements for the receipt of correct 
packets are generated in a stage 54 and relayed to 
the control device 40 for onward transmission. If 
any of the data packets are found to be uncorrec- 
table then the error correction stage 46 instructs 
the stage 54 to include a retransmission request in 
the acknowledgement which it is going to send. 

The data from the error correction stage 46 is 
also sent to detector 56 adapted to detect an 
absence of signals or the presence of padding. In 
response to the detection of an absence of signals 
or padding bits in the same time slot(s) of succes- 
sive frames, the detector 56 instructs a stage 58 to 
generate a time slot (or physical channel) release 
instruction which is sent to the control element 40 
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which decides what should be done with the time 
slot(s) (or physical channel(s)) to be released and 
issues the necessary instruction to the primary and 
secondary stations by way of the wideband link 10. 
5 Whilst the controller 38 has been shown as 

comprising a plurality of circuit stages, it could be 
implemented using a suitably programmed micro- 
controller. 

A flow chart for such a controller 38 will now be 
w described with reference to Figure 5 and is ap- 
plicable to a system controller 14, 15 (Figure 1) as 
well as to a data secondary station. For conve- 
nience the flow chart will refer to the detection of 
padding only. 

15 Stage 60 indicates a request for the setting-up 

of a data transaction. Stage 62 indicates the opera- 
tion of the controller setting up one or more duplex 
voice channels. Decision stage 64 asks the ques- 
tion "Is the transmit data buffer filling-up?" If the 

20 answer is YES(Y) then a decision stage 66 asks the 
question "Are the time slots in the other direction 
being padded?" If the answer is NO(N) then the 
flow chart reverts to the stage 62. However if the 
answer is YES then stage 68 describes the opera- 

25 tton of reversing the time slot (or physical channel)- 
of the particular duplex voice channel. This time 
slot (or physicai channel) reversal state persists 
until it is reversed again or the call has finished 
which is indicated by the decision stage 70 which 

30 asks - the- question— "Has- the- data -transaction - fin- 
ished?" If the answer is YES then the transaction is 
terminated as indicated by the stage 72. If the 
answer is NO then the flow chart returns to the 
decision stage 64. 

35 A NO answer from the decision stage 64 leads 

to a decision stage 74 which asks the question 
"Am i padding?" A NO answer refers one to the 
decision stage 70. A YES answer directs one to a 
decision stage 76 which asks the question "Are the 

40 other time slots in the other direction being pad- 
ded?" In response to a YES answer, a stage 78 
gives the instruction to release a duplex voice 
channel because if both ends are padding, there 
are too many duplex voice channels assigned to 

45 the transaction. A NO answer causes a stage 80 to 
instruct the release of a time slot (or physical 
channel) either for the other station involved in the 
data transaction to use or for use in another data 
conversation. The outputs from the stages 78,80 

so lead to the decision stage 70. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 
the art. Such modifications may involve other fea- 
tures which are already known in the design, manu- 

55 facture and use of data transmission systems and 
component parts thereof and which may be used 
instead of or in addition to features already de- 
scribed herein. Although claims have been formu- 
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fated in this application to particular combinations 
of features, it should be understood that the scope 
of the disclosure of the present application also 
includes any novel feature or any novel combina- 
tion of features disclosed herein either explicitly or 
implicitly or any generalisation thereof, whether or 
not it relates to the same invention as presently 
claimed in any claim and whether or not it miti- 
gates any or all of the same technical problems as 
does the present invention. The applicants hereby 
give notice that new claims may be formulated to 
such features and/or combinations of such features 
during the prosecution of the present application or 
of any further application derived therefrom. 



Claims 

1. A method of data transmission over a time 
division duplex channel in which at least one du- 
plex voice channel constituted by a pair of non- 
adjacent time slots (or physical channels) in a 
succession of time frames is allocated for effecting 
a data transaction between a first and a second 
station, one of said pair of time slots being nor- 
mally designated for unidirectional transmission of 
data in a first direction between said first and 
second stations and the other of said pair of time 
slots being normally designated for unidirectional 

transmission ot.data in a second direction, opposite 

to the first direction, wherein in response to it being 
determined that the data transaction will be or is 
asymmetric, then the time slot not being used for 
the transmission of useful data is released and 
made available for other unidirectional signalling. 

2. A method as claimed in Claim 1, charac- - 
terised in that it is known in advance that the data 
transaction will be asymmetric and the time slots 
are released as part of the call establishment pro- 
cedure. 

3. A method as claimed in Claim 1, charac- 
terised in that the data transaction is determined to 
be asymmetric by monitoring the duplex voice 
channei(s). 

4. A method as claimed in Claim 3, charac- 
terised in that the duplex voice channels are mon- 
itored for padding signals. 

5. A method as claimed in Claim 3, charac- 
terised in that the duplex voice channels are mon- • 
itored for the absence of useful data signals. 

6. A method as claimed in any one of Claims 1 
to 5, characterised in that the released time slot is 
made available for unidirectional signalling in the 
opposite direction. 

7. A method as claimed in Claim 6, charac- 
terised in that the released time slot is used to 
transmit data packets forming part of the data 
message being transacted in the other of the pair 



of time slots. 

8. A method as claimed in any one of Claims 1 
to 5. characterised in that the released time slot is 
made available for the unidirectional transmission 

5 of data packets forming part of another data mes- 
sage being transacted in another duplex voice 
channel. 

9. A method as claimed in any one of Claims 1 
to 5, characterised in that at least two duplex voice 

70 channels are allocated to a data transaction. 

10. A method as claimed in Claim 9, charac- 
terised in that the non-data transmitting time slots 
of one of the duplex voice channels is used for the 
transmission of acknowledgements relating to the 

is data transaction, the balance of the non-data trans- 
mitting time slots of the or each of the assigned 
duplex voice channels being released for unidirec- 
tional signalling in the opposite direction of data 
comprising part of the data transaction, 

20 11. A method as claimed in Claim 9, charac- 

terised in that in the event of a second data trans- 
action being set-up involving the same secondary 
station, at least one further duplex voice channel is 
assigned to the second data transaction, those time 

25 slots not being used for the transmission of useful 
data relating to the second data transaction being 
released and made available for other unidirectional 
signalling. 

12. A communications system comprising at 
30 least one primary station, a system controller con- 
nected to the at least one primary station, a data 
secondary station, the primary and secondary sta- 
tions each having transceivers for time division 
duplex radio transmissions therebetween in at least 

35 one duplex voice channel constituted by a pre- 
determined pair of non-adjacent time slots (or 
physical channels) in a succession of time frames, 
the respective time slots being provided for un- 
idirectional transmission in opposite directions, the 

40 system controller and the data secondary station 
each having means for assigning at least one du- 
plex voice channel for a data transaction, means for 
determining if the data transaction will be or is 
asymmetric and for releasing the time slot not 

45 being used for the transmission of useful data and 
making it available for other unidirectional signal- 
ling. 

13. A system as claimed in Claim 12, charac- 
terised by means for monitoring the duplex voice 

so channels for the absence of useful data signals. 

14. A system as claimed in Claim 12, charac- 
terised by means for monitoring the duplex voice 
channels for the presence of padding. 

55 
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© A method of, and system for, data transmission 
over a time division duplex channel in which at least 
one duplex voice channel constituted by a pair of 
non-adjacent time slots (or physical channels) in a 
succession of time frames is allocated for effecting a 
data transaction between a first and a second sta- 
tion, one of said pair of time slots (or physical 
channels) being normally designated for unidirec- 
tional transmission of data in a first direction be- 
tween the first and second stations and the other of 
the pair of time slots (or physical channels) being 
normally designated for unidirectional transmission 
of data in a second direction, opposite to the first 
direction. The system comprises means for deter- 
mining that either of the time slots (or physical 
channels) of a duplex voice channel will not partici- 
pate in, or is not participating in, the transmission of 
useful data because the data transfer is largely 
asymmetric and for releasing the non-participating 
time slots (or physical channels) and making them 
available for other unidirectional signalling, such as 



the parallel transmission of data packets in the cur- 
rent data transaction, retransmission of corrupted 
data packets, or the parallel transmission of data 
packets in another, largely asymmetric data transac- 
tion. 
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